The genus Flavobacterium (family Flavobacteriaceae, phylum Bacteroidetes) was proposed by Bergey et al. (1923) , and its description was emended by Bernardet et al. (1996) . The genus comprises Gram-staining-negative, aerobic rods that are usually motile by means of gliding, contain menaquinone-6 (MK-6) as the sole or major respiratory quinone, produce yellow carotenoid and/or flexirubin pigments and have DNA G+C contents in the range 30-41 mol% (Bernardet & Bowman, 2011) . Members of the genus Flavobacterium have been isolated worldwide from a variety of habitats such as freshwater sediments, marine environments, glacier ice, soil, Antarctic habitats, the gut of an earthworm and bacterial aggregates of a wastewater treatment plant (Bernardet & Bowman, 2011) . The physiological characteristics of members of the genus are also diverse: they can be psychrophilic, psychrotolerant or mesophilic and halotolerant, halophilic or sensitive to salts. They produce a variety of enzymes (Park et al., 2006) , which suggests that they may have important roles in the environment. Recently, several novel species have been added to the genus, isolated from various freshwater environments (Wang et al., 2006; Cousin et al., 2007; Kim et al., 2009; Qu et al., 2009; Lee et al., 2011) . In this study, a Flavobacterium-like strain was recovered from a freshwater reservoir and characterized taxonomically.
Strain T was isolated from a freshwater lake (Cheon-ho reservoir) located at Dankook University in Cheonan, Korea (36 u 499 N 127 u 109 E), and inoculated on R2A agar (Difco), pH 7.2±0.2, at 25 u C for 4 days. The isolate was routinely cultured on R2A agar at 25 u C and preserved as a glycerol suspension (20 % glycerol and 80 % double-distilled water, v/v) T were isolated previously in our laboratory (Lee et al., 2011) . These strains were used as reference strains in most phenotypic tests.
For phylogenetic analysis, genomic DNA of strain T was extracted using the InstaGene Matrix (Bio-Rad) following the manufacturer's instructions. The crude extract served as the DNA template for PCR, which included Taq DNA polymerase (Bioneer) and the universal primers 27F and 1492R (Lane, 1991) . The PCR product was purified using the PCRquick-spin PCR product purification kit (iNtRON) and direct sequence determination of the purified 16S rRNA gene was performed by using the sequencing primers 27F, 518F, 800R and 1492R (Lane, 1991) with an ABI3730XL automated sequencer (Applied Biosystems) at Macrogen (Korea). Nucleotide similarity values were calculated using the EzTaxon server version 2.1 (http://www.EzTaxon.org/) and the PHYDIT program version 3.2. Sequences of related strains were downloaded, together with that of Escherichia coli KCTC 2441 T , which was used as an outgroup. The alignments were corrected manually using the BioEdit program (Hall, 1999) . Distance calculation (distance options according to Kimura's twoparameter model) and clustering were performed using the neighbour-joining (NJ) and minimum-evolution treeing methods (Kumar, 1996) , and bootstrap values were estimated based on 1000 replications. To examine the phylogenetic relationships of strain T and closely related strains further, we constructed a median-joining network (Bandelt et al., 1999) using the software NETWORK version 4.6.0.0 available at http://www.fluxus-engineering. com/sharenet.htm. The network was generated using the partial 16S rRNA gene sequences (987 nt) of the five strains that form the clade to which strain T also belongs. (Fig. 1) . The median-joining network shows the comprehensive sequential order in which the species diversified, according to the number of substitutions (Fig.  S1 , available in IJSEM Online). The 16S rRNA gene sequences of strain T and F. macrobrachii an-8 T differed at 48 nucleotide positions. The result of the network study was congruent with the phylogenetic inference based on the NJ study.
Growth was tested on nutrient agar (NA; Difco), trypticase soy agar (TSA; Difco), MacConkey agar (Difco) and Anacker & Ordal's agar (Anacker & Ordal, 1955) . Growth at 4, 10, 15, 20, 25, 30, 37 and 45 u C, at pH 5.0-11.0 (in increments of 0.5 pH units) and in the presence of 0-2.0 % NaCl (w/v) was examined using R2A agar as the basal medium. To adjust the pH of the medium, phosphate buffer was added and 1 M HCl or 1 M NaOH was used to achieve the desired pH. Anaerobic growth was evaluated in R2A agar in a GasPak anaerobic system (BBL) at 25 uC for 15 days. Gram staining was performed using a Gram-stain kit (Sigma-Aldrich). Cell morphology was assessed by light microscopy using a CHT microscope (Olympus) at 61000 magnification on a 4-day culture at 25 u C on R2A agar. Flagellar motility was tested by culturing the organism in R2A containing 0.5 % agar. Gliding motility was tested by observing the spread of colony edges on R2A agar (Perry, 1973) and by microscopic observation of hanging drops of a fresh R2A broth culture (Bernardet et al., 2002) . Catalase activity was determined by bubble production using 3 % (v/v) hydrogen peroxide and oxidase activity was assessed colorimetrically using tetramethyl p-phenylenediamine. Production of flexirubin-type pigments and Congo red adsorption were tested using 20 % KOH and a 0.01 % Congo red aqueous solution, respectively, according to the minimal standards for the description of new taxa in the Flavobacterium dankookense sp. nov.
family Flavobacteriaceae (Bernardet et al., 2002) . Hydrolysis of casein (2 % skimmed milk, w/v; NILAC), starch (0.2 % soluble starch, w/v; Samchun), CM-cellulose (0.5 % w/v; Sigma), chitin (1 % w/v colloidal chitin; Kanto), DNA (DNase test agar; Difco), pectin (0.5 % w/v; Sigma), Tween 80 (1 % w/v; Daejung), tyrosine (1 % w/v; Junsei), xanthine (0.4 % w/v; Alfa Aesar) and hypoxanthine (0.5 % w/v; Sigma) was determined using the methods of Smibert & Krieg (1994) . Additional biochemical and enzymic tests were performed using the API 20NE, API ZYM and Vitek kits (bioMérieux) following the manufacturer's instructions. API 20NE and Vitek tests were read after 24 and 48 h of incubation at 25 u C and API ZYM tests were read after 3 h of incubation at 37 u C. The phenotypic characteristics of strain ARSA-19 T are given in the species description and in Table 1 . The type strain of F. macrobrachii was not available when this study was performed. According to published data (Sheu et al., 2011), strain ARSA-19 T may be distinguished from F. macrobrachii an-8
T on the basis of the following traits: production of flexirubin-type pigments, growth temperature range, hydrolysis of casein, Tween 80, DNA and gelatin, assimilation of capric acid, several enzymic activities in the API ZYM kit and DNA G+C content (Table 1) .
For quantitative analysis of cellular fatty acids, strain T and the four reference strains were grown on R2A agar for 4 days at 25 u C. The cellular fatty acids were saponified, methylated and extracted according to the standard protocol of the Sherlock Microbial Identification System (MIDI; Sasser, 1990) . The fatty acid methyl esters were analysed by GC (model 6890; Hewlett Packard) and identified and quantified by using the TSBA 50 database (version 5) of the Sherlock Microbial Identification System (MIDI). The cellular fatty acid profiles of strain ARSA-19 T and the four reference strains are shown in Table 2 . Strain ARSA-19
T contained large amounts of saturated, unsaturated and branched fatty acids, with iso-C 15 : 0 (21.8 %), iso-C 16 : 0 3-OH (10.4 %), iso-C 15 : 1 G (9.3 %), summed feature 3 (comprising iso-C 15 : 0 2-OH and/or C 16 : 1 v7c; 8.2 %), iso-C 15 : 0 3-OH (7.7 %), iso-C 16 : 0 (7.3 %) and iso-C 17 : 0 3-OH (5.9 %) as the major cellular fatty acids. The fatty acid compositions of the five strains grown under the same conditions were similar, with only limited differences in the proportions of some fatty acids. F. aquatile JCM 20475 T showed the most divergent fatty acid profile compared with the other four strains.
The isoprenoid quinones of strain T and the four reference strains were extracted and analysed by HPLC (Shimadzu) as described previously by Groth et al. (1996) . The major respiratory quinone of the five strains was MK-6 (91.3 % in strain ARSA-19 T , 79.7 % in F. chungnamense ARSA-103 T and .90 % in the other three reference strains), in line with all other members of the family Flavobacteriaceae. In addition, strain ARSA-19 T and F. chungnamense ARSA-103 T also contained MK-5 at 8.7 and 20.3 %, respectively.
The polar lipids of strain ARSA-19 T and the four reference strains were extracted and analysed according to Minnikin et al. (1984) . Total lipids, glycolipids, quaternary-nitrogencontaining polar lipids, aminolipids and phospholipids were respectively identified by spraying the plates with ethanolic molybdatophosphoric acid, a-naphthol/sulphuric acid reagent, Dragendorff's reagent and ninhydrin followed by molybdenum blue reagent. The polar lipid patterns of strain T and the four reference strains were very similar, containing phosphatidylethanolamine, two to four unknown aminolipids and two unidentified polar lipids (Fig. S2 ).
For measurement of the DNA G+C content, genomic DNA of strain T was extracted and purified as described previously (Moore & Dowhan, 1995) . The DNA G+C content was determined as described previously (Mesbah et al., 1989) using reversed-phase HPLC (Supelco). The DNA G+C content of strain T was 33.3 mol%, a value consistent with those of other Flavobacterium species (30-41 mol%; Bernardet & Bowman, 2011) , but still significantly different from the values reported for the most closely related Flavobacterium species (Table 1) . Growth occurs at 4-37 u C (optimum, 25 u C), at pH 6.5-9.5 (optimum, pH 7.5-8.0) and in the presence of 0-1.0 % NaCl (optimum growth in the absence of added NaCl). Starch is hydrolysed, but casein, Tween 80, CM-cellulose, chitin, tyrosine, DNA, pectin, xanthine and hypoxanthine are not. Nitrate is not reduced. In the API 20NE and Vitek systems, positive reactions are observed for assimilation of capric acid and activities of Ala-Phe-Pro arylamidase, Lproline arylamidase, lipase, tyrosine arylamidase and phosphatase. In the API ZYM system, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BIphosphohydrolase activities are present, but lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. MK-6 is the major respiratory quinone, but a significant amount of MK-5 is also present. The major cellular fatty acids (.7 % of the total fatty acids) are iso-C 15 : 0 , iso-C 16 : 0 3-OH, iso-C 15 : 1 G, summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 v7c), iso-C 15 : 0 3-OH and iso-C 16 : 0 . The polar lipids of the type strain are phosphatidylethanolamine, four unknown aminolipids and two unknown polar lipids.
The type strain is ARSA-19 T (5KCTC 23179 T 5JCM 17065 T 5KACC 14968 T ), isolated from a freshwater reservoir in Cheonan, Korea. The DNA G+C content of the type strain is 33.3 mol%.
Emended description of Flavobacterium koreense Lee et al. 2011 The description is the same as that given by Lee et al. (2011) with the addition that the polar lipids are phosphatidylethanolamine, two unknown aminolipids and two unknown polar lipids.
Emended description of Flavobacterium chungnamense Lee et al. 2011 The description is the same as that given by Lee et al. (2011) with the addition that the polar lipids are phosphatidylethanolamine, two unknown aminolipids and two unknown polar lipids. MK-6 is the major respiratory quinone, but a significant amount of MK-5 is also present.
Emended description of Flavobacterium cheonanense Lee et al. 2011 The description is the same as that given by Lee et al. (2011) with the addition that the polar lipids are The description is as given previously by Bergey et al. (1923) and Bernardet et al. (1996) with the following amendments. Grows on R2A agar and TSA but not on MacConkey agar, DNase test agar or NA. The major fatty acids are C 15 : 1 v6c, iso-C 15 : 0 and anteiso-C 15 : 0 . Additionally, anteiso-C 15 : 1 A, C 15 : 1 v8c, C 17 : 0 2-OH and C 17 : 0 3-OH are detected. The predominant respiratory quinone is MK-6. The polar lipids are phosphatidylethanolamine, five unknown aminolipids and two unknown polar lipids.
